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(54) METHOD OF MANUFACTURING THIN FILM SEMICONDUCTOR DEVICE 

(57)Abstract: 

PURPOSE: To provide the title manufacturing method 
avoiding the reduction of effective area factor of an 
element without being affected by the film thickness of 
the title thin film semiconductor and the warp of a 
substrate material within an element using the thin film 
semiconductor. 

CONSTITUTION: A mask forming material is jetted from 
the end of a fine-spout nozzles 12, 15 for exposing 
direct mask patterns 13 t 14 on a substrate 10 to be 
formed. Later, a thin film semiconductor 16 is formed on 
the substrate 10 to be processed in liquid phase or 
vapor phase so that the thin film semiconductor 16 
together with the mask pattern 13 may be removed to 
perform the patterning step. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this 
translation. 

1. This document has been translated by 
computer. So the translation may not 
reflect the original precisely. 

2. **** shows the word which can not be 
translated. 

3. In the drawings, any words are not 
translated. 



CLAIMS 



[Claim(s)] 

[Claim l] The manufacture approach of 
the thin film semiconductor equipment 
characterized by forming a thin film 
semiconductor layer on the 
above-mentioned substrate, and carrying 
out patterning of the thin film 
semiconductor layer by lift off after 
turning a mask ingredient to a substrate, 
making it blow off from a nozzle and 
forming a mask pattern directly on a 
substrate. 

[Claim 2] The manufacture approach of 
the thin film semiconductor equipment 
according to claim 1 characterized by 
continuing and carrying out patterning to 
multiple times by removing only the 
mask pattern which formed two or more 
mask patterns with the mask ingredient 
of a different class, and was formed with 
the mask ingredient of the same class. 
[Claim 3] The manufacture approach of 



the thin film semiconductor equipment 
which forms a thin film semiconductor 
layer on a substrate, and is characterized 
by irradiating laser and removing the 
thin film semiconductor layer on a mask 
pattern by making the above-mentioned 
mask pattern into a target after turning a 
mask ingredient to a substrate, making it 
blow off from a nozzle and forming a 
mask pattern directly on a substrate. 

DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention 
relates to the manufacture, approach of 
thin film semiconductor equipment, 
especially is used for the solar-battery 
equipment of a high accumulation mold, 
and relates to the suitable manufacture 
approach. 
[0002] 

[Description of the Prior Art] Before, the 
thin film semiconductor is used as an 
ingr e die nt which can form the 
semiconductor device of a large area 
cheaply and easily. This thin film 
semiconductor is formed on the glass 
substrate etc. using the plasmaCVD 
method etc. 

[0003] And in order to give a desired 
function to the formed thin film 
semiconductor, it is required to carry out 
patterning of these thin film 
semiconductors. 
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[0004] The laser patterning method using 
laser as the approach of this patterning is 
learned. In patterning by this laser, there 
is a difficulty that a substrate ingredient 
is limited by the direction of incidence of 
a laser beam etc. Moreover, there was a 
trouble that the range of the thickness of 
the thin film semiconductor which can 
carry out patterning well being narrow, 
and patterning's tending to be influenced 
by the nonuniformity of thickness, and 
condition **** of a laser beam exposure 
were complicated. 

[0005] Furthermore, when forming the 
thin film semiconductor component of a 
large area comparatively, and the focus of 
the beam of a laser beam shifted by the 
camber of a substrate etc., there was a 
trouble of stopping being able to carry out 
patterning well. 

[0006] on the other hand, as the approach 
of patterning looked at by formation of 
accumulation mold solar-battery 
equipment etc., there is the approach (the 
following and LWS (Laser Welding and 
Scribing) - it is called law.) of carrying 
out patterning of the semi-conductor thin 
film by forming a mask pattern by 
screen- stencil etc., forming a thin film 
semiconductor from on the, and 
irradiating laser by making a mask 
pattern into a target at the last as 
indicated by JP,62-33477,A (H01L 31/04). 
[0007] By this LWS method, since the 
limit to the reinforcement of laser 
decreases, the trouble of the laser 



patterning method mentioned above is 

solved considerably, 

[0008] 

[Problem(s) to be Solved by the 
Invention] However, in this approach, 
since the mask pattern was formed by 
screen- stencil and a mask pattern was 
not able to be formed to some extent 
thinly above, there was a problem that 
the rate of effective area of a component 
could not be gathered. 
[0009] Moreover, the approach of carrying 
out patterning by the so-called 
photo-etching method is learned, without 
using screen stencil. Although this 
photo etching technique was excellent 
after minute processing, there was a 
problem of being easy to make a thin film 
semiconductor producing a defect by 
peeling by the pinhole and periphery of a 
photoresist which specify a chemical 
engraving pattern. And also in which 
process of formation of a mask, and an 
imprint, the viewpoint of the need to this 
approach has control of a patterning 
location disadvantageous for 

large-area-izing of a component. 
[0010] This invention is made into what 
was made in order to cancel the 
conventional trouble mentioned above, 
and sets it as that purpose to offer the 
manufacture approach of a thin film 
semiconductor component of having 
prevented reduction of the rate of 
effective area of a component, without 
being influenced by the thickness of a 
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thin film semiconductor, and the camber 
of a substrate ingredient in the 
component using a thin film 
semiconductor. 
[0011] 

[Means for Solving the Problem] In case 
this invention forms a mask pattern, it 
makes a mask formation ingredient blow 
off from the point of the nozzle extracted 
thinly, and makes a direct mask pattern 
draw and form on a substrate. Then, a 
thin film semiconductor is formed on a 
substrate, it processes in the liquid phase 
or a gaseous phase, a thin film 
semiconductor is removed the whole 
mask pattern, and patterning is 
performed. 

[0012] Moreover, when patterning of 
multiple times is required, after forming 
a mask pattern with a different mask 
ingredient, by processing using a 
different solution or a different gas, a 
mask ingredient is removed separately 
and patterning is completed. 
[0013] Moreover, this invention makes a 
mask formation ingredient blow off from 
the point of the nozzle extracted thinly, 
and makes a direct mask pattern draw 
and form on a substrate. Then, a thin film 
semiconductor is formed on a substrate 
and patterning of the thin film 
semiconductor is carried out by 
irradiating laser by making this mask 
pattern into a target. 
[0014] 

[Function] This invention can carry out 



patterning of the thin film semiconductor 
to the nonuniformity of the thickness of a 
thin film semiconductor, or the camber of 
a substrate certainly not related by 
performing patterning by processing in 
the liquid phase or a gaseous phase, and 
removing a mask pattern and a thin film 
semiconductor. 

[0015] If the mask pattern formed by this 
invention like a label of laser is used in 
case patterning is carried out with laser, 
since line breadth of a mask pattern can 
be made thinner than the case where the 
screen printing of a conventional method 
is used, the rate of effective area of a 
component can be raised. 
[0016] 

[Example] Hereafter, with reference to a 
drawing, it explains per example of this 
invention. First, the indium oxide tin 
(ITO) formed on the glass substrate is 
explained per [ which carries out 
patterning ] technique using this 

invention.; , " . : 

[0017] As shown in drawing 1 , on the 
30cmx 40cm glass substrate 1, a mask 
formation ingredient is made to blow off 
from a nozzle 3, and a mask pattern 2 is 
formed ( drawing 1 (a)). In this example, 
the mask pattern with a line breadth [ of 
100 micrometers ] and a die length of 
40cm was formed, using ABS 
(acrylonitrile-butadiene-styrene 
copolymer) resin as this mask formation 
ingredient. 

[0018] Then, covering formation of IT05 
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of 750A of thickness is carried out by the 
sputtering method on a substrate 1 
( drawing 1 (b)). And toluene was used for 
the liquid for processing, a mask pattern 
2 and IT05 on it were removed, and lift 
off performed patterning ( drawing 1 (c)). 
[0019] Drawing 2 is the property Fig. of 
separation resistance showing the result 
of having carried out patterning of IT05 
formed on the glass substrate 1 by the 
above-mentioned approach. It turns out 
that separation resistance will increase if 
the processing time in toluene is 
increased so that clearly from this 
drawing 2 , and patterning is completed 
when ABS plastics dissolve in toluene. 
[0020] In the LWS method mentioned 
above, since the mask pattern which 
becomes like a label of the laser for 
patterning is formed with screen printing 
etc., a mask formation ingredient is 
pressed and formed in furring, and line 
breadth becomes thick by a blot, 
exudation, etc. of a mask ingredient. 
Consequently, even if it can narrow 
patterning width of face by laser, an 
invalid part occurs with the mask 
ingredient which remained, and about 
250 micrometers is a limitation as 
patterning width of face. On the other 
hand, in this invention, patterning with 
narrow width of face can be performed 
easily. That is, since the line breadth of 
the mask pattern formed by injection 
from a nozzle can be formed in 10 
micrometers - 200 micrometers, by using 



this mask pattern in label, patterning 
with more narrow width of face can be 
performed, and effective area of a 
component can be enlarged. Moreover, it 
can understand also from this example 
that a comparatively large area thing can 
also carry out patterning certainly. 
[0021] Moreover, if particle powder, such 
as carbon, is dissolved in a suitable 
solvent, it may be made to blow off from 
the point of a nozzle, and may be made to 
form as the mask formation approach and 
the formation conditions of a thin film 
semiconductor allow, suitable polymeric 
materials may be used. If the ingredient 
melted into a solvent is used for a mask, 
when evaporating the solvent, forming a 
mask and performing mask removal, it is 
possible by processing with the same 
solvent. If metallic materials, such as a 
silver paste, are used for a mask, it can be 
made like a label of the laser using the 
LWS method mentioned above. 
[0022] Furthermore, as . polymeric 
materials which can be used as a mask 
ingredient, there are phenol system resin, 
ABS plastics, polypropylene, acrylic resin, 
acetal resin, a urea resin, etc., for 
example. However, to use polymeric 
materials as a mask ingredient, it is 
necessary to each polymeric materials to 
choose the optimal processing solution. 
[0023] For example, although acetal resin 
dissolves in a hydrochloric acid, ABS 
plastics do not dissolve. On the other 
hand, although ABS plastics dissolve in 
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toluene, acetal resin does not dissolve. 
Therefore, a processing solution and a 
mask ingredient do not ask acidity and 
alkalinity, and do not ask organic and an 
inorganic solvent. 

[0024] Moreover, a mask formation 
ingredient is blown off from a nozzle, and 
formation of the above-mentioned mask 
pattern is made to put on a substrate. 
The technique of the jet from this nozzle 
can be easily performed by the same 
technique as ink jet record. 
[0025] Next, the example which 
manufactures accumulation mold 
amorphous silicon solar cell equipment 
using this inventing method is explained 
according to drawing 3 using two kinds of 
different mask ingredients and a 
different processing solution. 
[0026] On the substrate 10 which consists 
of insulating materials, such as 
transparent glass, the transparent 
electrode 11 which consists of ITO by 
which patterning was carried out is 
formed ( drawing 3 (a)). The approach 
shown in drawing 1 above-mentioned 
[ patterning of this transparent electrode 
11 ], the approach by the exposure of a 
laser beam, etc. are used. 
[0027] Next, as turn a mask formation 
ingredient to a substrate 10, it is made to 
blow off from a nozzle 12 and it laps with 
some transparent electrodes 11, the 1st 
mask 13 is formed on a substrate 10 
( drawing 3 (b)). In this example, line 
breadth was chosen among 10- 200 



micrometers, using ABS plastics as this 
mask formation ingredient. 
[0028] Then, turn a mask formation 
ingredient to a substrate 10, it is made to 
blow off from another nozzle 15, the 1st 
mask 13 is adjoined, and the 2nd mask 14 
is formed on a transparent electrode 11 
( drawing 3 (c)). As this mask formation 
ingredient, acetal resin was used in this 
example. 

[0029] And the thin film semiconductor 
film 16 which consists of amorphous 
silicon of 2000-7000A of thickness 
contributed effective in photo electric 
conversion all over substrate 10 including 
a transparent electrode 11 and the 1st 
and 2nd mask 13 and 14 is formed by a 
plasma CVD method etc. ( drawing 3 (d)). 
Pin junction parallel to a film surface is 
formed in the interior, for example, as for 
this thin film semiconductor film 16, 
laminating formation of p mold 
amorphous silicon layer, i mold 
amorphous silicon layer, and the n mold 
amorphous silicon layer is carried out one 
by one. 

[0030] Next, a sample is processed in an 
organic solvent, the 1st mask 13 and the 
thin film semiconductor film 16 on it are 
removed, and 1st patterning by lift off is 
performed ( drawing 3 (e)). Although this 
organic solvent dissolves ABS plastics, 
acetal resin uses an insoluble solvent. 
[0031] Then, the metal electrode 17 
which consists of aluminum of 4000A - 
about 2 micrometers of thickness etc. all 
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over a substrate 10 top including the 
semi conductor thin film 16 and the 
exposed part of a transparent electrode 
11 is formed by the sputtering method etc. 
( drawing 3 (£)). 

[0032] And a sample is processed in an 
organic solvent, the 2nd mask 14 and the 
metal electrode 17 on it are removed, 2nd 
patterning by lift off is performed, and 
accumulation mold solar-battery 
equipment is formed ( drawing 3 (g)). The 
solvent which acetal resin dissolves is 
used for this organic solvent. 
[0033] In the example mentioned above, 
although lift off was performed with the 
liquid phase process using the solution of 
an organic solvent, the approach of 
removing a mask by the gaseous-phase 
method using reactant gas can also be 
used. 

[0034] Next, the example which 
manufactures accumulation mold 
amorphous silicon solar cell equipment 
using this inventing method is explained 
according to drawing 4 using two kinds of 
different mask ingredients and laser. 
[0035] On the substrate 10 which consists 
of insulating materials, such as 
transparent glass, like the 
above-mentioned example, the 
transparent electrode 11 which consists 
of ITO by which patterning was carried 
out is formed ( drawing 4 (a)). 
[0036] Next, as turn to a substrate 10 the 
mask formation ingredient which has 
conductivity, it is made to blow off from a 



nozzle 22 and it laps with some 
transparent electrodes 11, the 1st mask 
23 is formed on a substrate 10 ( drawing 
3 (b)). What is necessary is to evaporate 
that solvent and just to form a mask as 
this mask formation ingredient, for 
example using what dissolved the 
particle powder of conductive matter, 
such as carbon and silver, in the suitable 
solvent. Moreover, the line breadth of a 
mask is chosen among 10*200 
micrometers. 

[0037] Then, turn to a substrate 10 the 
mask formation ingredient which 
consists of an insulating member, it is 
made to blow off from another nozzle 25, 
the 1st mask 23 is adjoined, and the 2nd 
forms mask 24 on a transparent electrode 
11 ( drawing 4 (c)). What is necessary is to 
evaporate that solvent and just to form a 
mask as this mask formation ingredient, 
for example using what dissolved the 
particle powder of diacid ized silicon, and 
the particle powder of other inorganic 
materials in the suitable solvent. 
[0038] And the thin film semiconductor 
film 16 which consists of amorphous 
silicon of 2000-7000A of thickness 
contributed effective in photo electric 
conversion all over substrate 10 including 
a transparent electrode 11 and the 1st 
and 2nd mask 23 and 24 is formed by a 
plasma- CVD method etc. ( drawing 4 (d)). 
Pin junction parallel to a film surface is 
formed in the interior, for example, as for 
this thin film semiconductor film 16, 
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laminating formation of p mold 
amorphous silicon layer, i mold 
amorphous silicon layer, and the n mold 
amorphous silicon layer is carried out one 
by one. 

[0039] Next, laser 26 is irradiated by 
making the 1st mask 23 into a target, the 
thin film semiconductor film 16 on the 1st 
mask 23 is removed, and 1st patterning is 
performed ( drawing 4 (e)). 
[0040] Then, the metal electrode 17 
which consists of aluminum of 4000A - 
about 2 micrometers of thickness etc. all 
over a substrate 10 top including the 
semi conductor thin film 16 and the 
exposed part of a transparent electrode 
11 is formed by the sputtering method etc. 
( drawing 4 (0). This metal electrode 17 
and transparent electrode 11 are 
electrically connected through the 1st 
mask 23. 

[0041] And laser 26 is irradiated by 
making the 2nd" mask 24 into a target, 
the metal electrode 17 on the 2nd mask 
24 is removed, 2nd patterning is 
performed, and accumulation mold 
solar -battery equipment is formed 
( drawing 4 (g)). 

[0042] in addition, although the example 
mentioned above has prepared the 
transparent electrode on the substrate, it 
comes out not to mention this invention 
being applicable as a substrate using the 
stainless steel substrate with which 
insulating processing of the front face 
was carried out also about the 



accumulation mold solar-battery 
equipment of a configuration of preparing 
a metal electrode on it and preparing a 
transparent electrode in the thin film 
semiconductor film. Moreover, it is at this 
example. Although the example at the 
time of forming accumulation mold 
solar-battery equipment was shown, it 
can use also as processing techniques, 
such as other thin film semiconductor 
components (TFT), for example, a thin 
film transistor etc. 
[0043] 

[Effect of the Invention] As explained 
above, according to this invention, 
regardless of the nonuniformity of the 
thickness of a thin film semiconductor, 
the camber of a substrate, etc., 
patterning of the thin film semiconductor 
ingredient can be carried out. 
[0044] If the mask pattern formed by this 
invention like a label of laser is used in 
case patterning is carried out with laser, 
since line breadth of a mask pattern can 
be made thinner than the case where the 
screen printing of a conventional method 
is used, the rate of effective area of a 
component can be raised. 
[0045] Furthermore, whichever it uses 
technique in the case of using the case 
where the liquid phase or a gaseous 
phase performs patterning, and laser, 
patterning of a thin film semiconductor 
component can be performed regardless 
of the existence of the area of a substrate 
ingredient, the quality of the material, 
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DESCRIPTION OF DRAWINGS 

[Brief Description of the Drawings] 
[Drawing ll It is process drawing 
showing the example which used this 
invention for patterning of ITO. 
[Drawing 2l It is drawing showing the 
relation of separation resistance to the 
processing time in the inside of an 
organic solvent, and ITO. 
[Drawing 31 It is process drawing 
showing the example used for the 
manufacture approach of the 
accumulation mold solar-battery 
equipment this invention. 
[Drawing 4l It is process drawing 
showing other examples used for the 
manufacture approach of the 
accumulation mold solar-battery 
equipment this invention. 
[Description of Notations] 

10 Substrate 

11 Transparent Electrode 

12 15 Nozzle 

13 1st Mask 

14 2nd Mask 

16 Thin Film Semiconductor 

17 Metal Electrode 
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